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A B S T R A C T  
An E x t r a  V e h i c u l a r  A c t i v i t y  (EVA) crewmember h a s  t w o - w a y  
c o m m u n i c a t i o n s  w i t h  t h e  Space S t a t i o n  i n  t h e  Ku-band f r e q u e n c y  
( 1 2 - 1 8  G H z ) .  The maximum r a n g e  o f  t h e  E V A  c o m m u n i c a t i o n s  l i n k  w i t h  
t h e  Space S t a t i o n  i s  a p p r o x i m a t e l y  one k i l o m e t e r  f o r  n o m i n a l  v a l u e s  
f o r  t r a n s m i t t e r  power ,  a n t e n n a  g a i n s ,  a n d  r e c e i v e r  n o i s e  f i g u r e .  
The E V A  C o m m u n i c a t i o n s  System, t h a t  w i l l  c o n t i n u e  t o  f u n c t i o n  
r e g a r d l e s s  o f  t h e  a s t r o n a u t ' s  p o s i t i o n  a n d  o r i e n t a t i o n ,  r e q u i r e s  an 
a n t e n n a  s y s t e m  t h a t  h a s  a f u l l  s p h e r i c a l  c o v e r a g e .  T h r e e  o r  m o r e  
a n t e n n a s  t h a t  c a n  b e  f l u s h  m o u n t e d  on  t h e  a s t r o n a u t ' s  s p a c e  s u i t  
( E M U )  a n d / o r  h i s  p r o p u l s i v e  b a c k p a c k  ( M M U ) ,  w i l l  b e  n e e d e d  t o  
p r o v i d e  t h e  d e s i r e d  c o v e r a g e .  
A s  t h e  a s t r o n a u t  moves i n  t h e  Space S t a t i o n ,  t h e  s i g n a l  
r e c e i v e d  b y  a g i v e n  E V A  a n t e n n a  c h a n g e s .  An a u t o m a t i c  a n t e n n a  
s w i t c h i n g  s y s t e m  i s  n e e d e d  t h a t  w i l l  s w i t c h  t h e  c o m m u n i c a t i o n  s y s t e m  
t o  t h e  a n t e n n a  w i t h  t h e  l a r g e s t  s i g n a l  s t r e n g t h .  A d e s i g n  f o r  
a u t o m a t i c  a n t e n n a  s w i t c h i n g  i s  p r e s e n t e d  a n d  d i s c u s s e d .  
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I NT K O O U C T  I ON 
T h e  E V A  crewmember w i l l  b e  w o r k i n g  on t h e  Space S t a t i o n ,  
e x a m i n i n g  a n d  r e p a i r i n g  d i f f e r e n t  s y s t e m s  a n d  c o m p o n e n t s .  He w i l l  
b e  c o m m u n i c a t i n g  w i t h  t h e  b a s e  s t a t i o n  u s i n g  h i s  t r a n s c e i v e r  i n  t h e  
Ku-band f r e q u e n c y .  A r e l i a b l e  c o m m u n i c a t i o n  l i n k  b e t w e e n  E V A  a n d  
Space S t a t i o n  n e e d s  t o  b e  e s t a b l i s h e d  f o r  v a r i o u s  p o s i t i o n s  a n d  
o r i e n t a t i o n s  o f  t h e  E V A  crewmember.  A s p h e r i c a l  c o v e r a g e  w i l l  b e  
d e s i r e d  t o  e s t a b l i s h  t h e  r e l i a b l e  c o m m u n i c a t i o n  l i n k .  A m u l t i p l e  
w i d e - b e a m w i d t h  a n t e n n a  s y s t e m  i s  n e e d e d  t o  p r o v i d e  t h e  d e s i r e d  
s p h e r i c a l  c o v e r a g e .  T h e  number  o f  a n t e n n a s  n e e d e d  a n d  t h e i r  o p t i m u m  
p o s i t i o n s  w h e r e  t h e y  c a n  b e  f l u s h  m o u n t e d  on t h e  c r e w m e m b e r ' s  l i f e  
s u p p o r t  s y s t e m  (EMU) a n d / o r  h i s  p r o p u l s i v e  b a c k p a c k ,  n e e d  t o  b e  
s t u d i e d .  M r .  John C. Ngo o f  t h e  E l e c t r o m a g n e t i c  S y s t e m s  B r a n c h  a t  
N A S A / J S C  h a s  s t u d i e d  v a r i o u s  a n t e n n a s  f o r  t h e  Ku-band a n d  t h e i r  
r a d i a t i o n  p a t t e r n s .  He p l a n s  t o  s t u d y  t h e  number o f  a n t e n n a s  n e e d e d  
a n d  t h e i r  o p t i m u m  l o c a t i o n s  on t h e  mock-up mode l  o f  t h e  s p a c e  s u i t  
a n d  t h e  b a c k p a c k  i n  t h e  v e r y  n e a r  f u t u r e .  
T h e  s t r e n g t h  o f  t h e  s i g n a l  r e c e i v e d  b y  t h e  E V A  a n t e n n a  f r o m  t h e  
Space S t a t i o n  w i l l  c h a n g e  a s  t h e  crewmember moves. When t h e  s i g n a l  
s t r e n g t h  r e c e i v e d  b y  a p a r t i c u l a r  E V A  a n t e n n a  f a l l s  b e l o w  a c e r t a i n  
t h r e s h o l d  l e v e l ,  t h e r e  i s  a n e e d  t o  s w i t c h  t o  t h e  EVA a n t e n n a  t h a t  
h a s  t h e  s t r o n g e s t  r e c e i v e d  s i g n a l .  An a u t o m a t i c  a n t e n n a  s w i t c h i n g  
s y s t e m  i s  d e s i r e d  t o  a c c o m p l i s h  t h i s  t a s k .  A scheme f o r  t h i s  
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s w i t c h i n g  i s  shown i n  F i g u r e  1 . The t o p  p a r t  o f  F i g u r e  1 shows 
a t r a n s m i t t e r ( T X ) / r e c e i v e r ( R X )  m o d u l e  f o r  t h e  E V A  r a d i o  c o n n e c t e d  
t h r o u g h  a c i r c u l a t o r  t o  a m i c r o w a v e  s i n g l e - p o l e  m u l t i - t h r o w  P I N  
d i o d e  s w i t c h ,  w h i c h  h a s  b e e n  c o n n e c t e d  t o  f o u r  d i f f e r e n t  omni  
a n t e n n a s .  When t h e  s i g n a l  s t r e n g t h  r e c e i v e d  b y  a c e r t a i n  E V A  
a n t e n n a  f a l l s  b e l o w  a t h r e s h o l d  a s  i n d i c a t e d  b y  t h e  AGC l e v e l ,  t h e  
s i g n a l  p r o c e s s o r  w h i c h  i s  a p rogrammed c o m p u t e r ,  w i l l  s e n d  a command 
s i g n a l  t o  a m i c r o w a v e  s a m p l i n g  s w i t c h  t h a t  h a s  b e e n  c o n n e c t e d  t o  1 0  
dB d i r e c t i o n a l  c o u p l e r s  t h a t  a r e  c o u p l e d  t o  t h e  omni  a n t e n n a s .  T h e  
m i c r o w a v e  PI11 d i o d e  s a m p l i n g  s w i t c h  t h a t  i s  shown i n  t h e  b o t t o m  p a r t  
o f  F i g u r e  1 w i l l  s t a r t  s a m p l i n g  t h e  r e c e i v e d  s i g n a l s  f r o m  v a r i o u s  
a n t e n n a s .  T h e s e  s a m p l e s  i n  t h e  - 1 1 0  t o  - 70 dBm power  r a n g e  w i l l  
p a s s  t h r o u g h  a 13.4 - 13.7 GHz b a n d p a s s  f i l t e r  (BPF) ,  a l o w  n o i s e  
a m p l i f i e r  ( L N A ) ,  a n d  a Ku-band m i x e r  t h a t  w i l l  down c o n v e r t  t h e  
s a m p l e s  i n t o  t h e  450  - 750 Mhz UHF r a n g e .  T h i s  300 MHz w i d e  r a n g e  
h a s  s e v e n  d i f f e r e n t  4 0  MHz w i d e  c h a n n e l s  a s s i g n e d  t o  d i f f e r e n t  
u s e r s .  A s u i t a b l e  BPF ( 4 0  MHz) w i l l  p i c k  o u t  t h e  r i g h t  c h a n n e l  f o r  
t h e  u s e r  a n d  p a s s  i t  t o  a s e c o n d  m i x e r  t h a t  w i l l  c o n v e r t  i t  down t o  
7 0  MHz I F  s i g n a l  i n  t h e  5 0  - 90 MHz r a n g e  a t  - 80 t o  - 30 dBm p o w e r  
l e v e l .  T h i s  4 0  MHz w i d e  c h a n n e l  c o n s i s t s  o f  t h r e e  s u b c h a n n e l s ,  3 2 2  
MHz w i d e  l i v e  v i d e o  c h a n n e l  i n  t h e  r e t u r n  l i n k ,  a 300 KHz w i d e  l o w  
r a t e  v i d e o  o r  v o i c e  o r  d a t a  c h a n n e l ,  a n d  a 800 KHz w i d e  d a t a  r a t e  
c h a n n e l  i n  t h e  f o r w a r d  l i n k .  T h e  s y n t h e s i z e d  l o c a l  o s c i l l a t o r  w i l l  
p i c k  o u t  t h e  l o w  d a t a  r a t e  c h a n n e l .  T h e  I F  s i g n a l  i s  p a s s e d  t h r o u g h  
a 7 0  MHz b a n d p a s s  f i l t e r ,  t h a t  was d e s i g n e d  a n d  b u i l t ,  a n d  i s  t h e n  
f e d  t o  a s i g n a l  l e v e l  d e t e c t o r .  The b l o c k  d i a g r a m  o f  t h i s  s i g n a l  
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l e v e l  d e t e c t o r  i s  shown  in  F igure  2. I t  c o n s i s t s  o f  a 5 4  dB 
cascaded a m p l i f i e r ,  a peak d e t e c t o r ,  a 2 5  dB dc a m p l i f i e r ,  a n d  a n  
A / D  c o n v e r t e r .  The c i r c u i t  f o r  t h e  peak d e t e c t o r  - dc A m p .  - A / D  
c o n v e r t e r  i s  shown i n  F igure  3. The o u t p u t  o f  t h e  A / D  c o n v e r t e r  i s  
fed t o  t h e  s i g n a l  p rocesso r  t h a t  would be programmed t o  compare t h e  
s t r e n g t h  o f  t h e  s i g n a l  samples from v a r i o u s  an tennas .  The s i g n a l  
p rocesso r  w i l l  then  i s s u e  a command s i g n a l  f o r  t h e  s i n g l e - p o l e  
mul t i - th row swi tch  a n d  cause  i t  t o  swi t ch  t o  t h e  antenna with t h e  
l a r g e s t  s i g n a l  s t r e n g t h .  
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F I N D I N G  
The implementat ion of t h e  design o f  t h e  au tomat ic  antenna 
swi t ch ing  system r e q u i r e d  s e l e c t i n g  s u i t a b l e  P I N  d iode  s w i t c h e s ,  
d e s i g n i n g  a n d  t e s t i n g  t h e  s i g n a l  l e v e l  d e t e c t o r ,  s e l e c t i n g  t h e  
d i r e c t i o n a l  c o u p l e r s  a n d  o rde r ing  t h e  o t h e r  needed hardware 
components. The an tenna  s i g n a l  moni tor ing  module o f  Figure  1 
between t h e  s a m p l i n g  swi tch  a n d  s i g n a l  l e v e l  d e t e c t o r  uses  t h e  
same t y p e  o f  b locks  a s  t h e  r e c e i v e  module j u s t  be fo re  t h e  
demodulator.  The t r a n s m i t / r e c e i v e  module b o a r d  f o r  E V A  was 
b u i l t  by R C A  a n d  s i n c e  a n  e x t r a  b o a r d  was a v a i l a b l e ,  i t  would be 
used f o r  monitorong antenna s i g n a l s .  The block diagram o f  t h e  
s i g n a l  l e v e l  d e t e c t o r  i s  shown i n  F igure  2 .  I t s  inpu t  i s  t h e  
s i g n a l  from U H F  mixer.  A b r i e f  d e s c r i p t i o n  of va r ious  
components i n  t h e  s i g n a l  l e v e l  d e t e c t o r  i s  given below. 
B a n d  Pass F i l t e r :  To pass t h e  low o r  high d a t a  r a t e  subchannel 
a t  70 MHz with 300 o r  600  KHz bandwidth r e q u i r e d  a b a n d -  
pass  f i l t e r .  This  f i l t e r  c i r c u i t  was des igned ,  bread-  
boarded a n d  t e s t e d .  The design g o a l s  were: 
Center  Frequency = 7 0  MHz 
Bandwidth = 1.5 MHz 
Pass Band  Ripple  = 0.1 dB 
F i l t e r  A t t enua t ion  < - 1 5  d B  a t  f > 7 5  Mhz 
A Chebyshev des ign  with t h r e e  LC s e c t i o n s  was chosen a s  i t  
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h a d  s t e e p e r  r o l l  o f f  a n d  i t  m e t  t h e  d e s i g n  g o a l s .  T h e  f i l t e r  
c i r c u i t  was s y n t h e s i z e d  u s i n g  E S Y N  p r o g r a m  i n  t h e  E E S O F  p a c k a g e .  
The s y n t h e s i z e d  c i r c u i t  i s  shown i n  F i g u r e  4. A f i l e  f o r  a 
m i c r o w a v e  C A D  p r o g r a m  c a l l e d  TOUCHSTONE was c r e a t e d  f o r  t h e  
c i r c u i t  s y n t h e s i z e d .  T h e  TOUCHSTONE c i r c u i t  f i l e  i s  shown i n  
F i g u r e  5. The TOUCHSTONE p r o g r a m  s i m u l a t e s  t h e  c i r c u i t  a n d  
p l o t s  t h e  f r e q u e n c y  r e s p o n s e  w h i c h  i s  shown i n  F i g u r e  6 a n d  
F i g u r e  7. T h e  c i r c u i t  r e s p o n s e  m e e t s  t h e  d e s i g n  g o a l s .  The 
f i l t e r  c i r c u i t  was o p t i m i z e d  b y  TOUCHSTONE u s i n g  M o n t e  C a r l o  
a n a l y s i s  t o  m e e t  t h e  p e r f o r m a n c e  g o a l s  o f :  
Pass Band L o s s  > - 5 dB 
Out o f  B a n d  Loss < - 1 5  dB a t  f >  7 5  MHz 
The M o n t e  C a r l o  a n a l y s i s  i n d i c a t e d  t h a t  t o  m e e t  t h e  
p e r f o r m a n c e  g o a l s ,  t h e  c o m p o n e n t  t o l e r a n c e  h a s  t o  b e  v e r y  t i g h t ,  
l e s s  t h a n  2 p e r c e n t .  A p r i n t e d  c i r c u i t  b o a r d  l a y o u t  was made 
u s i n g  M I C A D  p r o g r a m .  A r u b y l i t h  mask ( 1 : l )  was made u s i n g  
M I C M A S K  p r o g r a m  a n d  a p r i n t e d  c i r c u i t  b o a r d  was e t c h e d  i n  t h e  
L o c k h e e d  Lab.  The c o m p o n e n t s  w e r e  m o u n t e d  on  t h e  b o a r d  u s i n g  
s p l i t - t i p  w e l d i n g  a n d  s o l d e r i n g  t e c h n i q u e s .  T h e  c i r c u i t  was 
t e s t e d  u s i n g  t h e  HP83508 Sweep O s c i l l a t o r  a n d  t h e  HP8757A S c a l a r  
N e t w o r k  A n a l y z e r  a n d  t h e  d e s i r e d  r e s p o n s e  was n o t  o b t a i n e d .  
D i f f e r e n t  v a l u e s  w e r e  t r i e d  f o r  t h e  s e r i e s  i n d u c t o r s  a n d  t h e  
v a r i a b l e  s e r i e s  G i g a - t r i m  C a p a c i t o r s  ( .5-2.5PF) w e r e  t u n e d  s o  
t h a t  t h e  s e r i e s  s e c t i o n  r e s o n a t e s  a t  7 0  MHz. The s e r i e s  
i n d u c t o r s  t h a t  g a v e  c l o s e  t o  s a t i s f a c t o r y  r e s u l t s  w e r e  1 .5  a n d  
1 .6  m i c r o h e n r y s .  I n  t h e  s h u n t  b r a n c h ,  t h e  c h i p  c a p a c i t o r  w i t h  
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I LLIMPED CHEBYSHEV BANDPASS NETWORK 
! FREQUENCY I cjY.00000 t o  70~3000C~ MHZ 
! JNPLlT TERM I k - 50=000CI0 Ohms 
! OUTPUT TERM I R 50-00000 Ohm8 
I 3 RESONATORS 
! 0.100000 dB RIPPLE 0.000000 dB MIL  6.000000 dB SLOPE 
DIM 
f R E Q  MHZ 
RES CIH 
IND NH 
CAP PF 
LNG M I L  
ANG DEG 
CKT 
SLC: 1 2 L = 5472.395 C 0.951500 
PL c 2 0 L = 2 . 1 3 6 5 9 9  C: 2534.852 
SL c 2 3 L 5412.395 C 0 . 9 5 1 5 0 0  
DEFZP 1 3 SYN 
RES 1 0 P = 50.00000 
DEFlP  1 R l  
RES 1 0 R 50.00000 
DEFlP  1 R2 
OUT 
SYN DPCSZl) Gk 1 
GRID 
RANGE t.9 00000 70 SO000 0 150000 
OF: 1 C) . ooclcl0cl - 1 . clcKlcl0 0. 1 000<lO 
TERM 
SYN R1  R2 
Figure 5 .  T0Uc"E C i r c u i t  Fi le  for BPF 
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1100 PF v a l u e  was u s e d  a n d  t h e  i n d u c t o r  v a l u e  was a b o u t  5 
n a n o h e n r y s .  T h e  f r e q u e n c y  r e s p o n s e  o f  t h e  f i l t e r  w i t h  i t s  
h o u s i n g  a n d  SMA c o n n e c t o r s  i s  shown i n  F i g u r e  8. The r e t u r n  
l o s s  a p p e a r s  a t  c h a n n e l  1 i n  F i g u r e  8 a n d  t h e  p a s s  t h r o u g h  l o s s  
a t  c h a n n e l  2. T h e  f i l t e r  h a d  more  i n s e r t i o n  l o s s  a n d  w i d e r  
b a n d w i d t h  t h a n  e x p e c t e d .  A p a r t  o f  t h e  p r o b l e m  was g e t t i n g  a l l  
s e c t i o n s  t o  r e s o n a n t  a t  t h e  same f r e q u e n c y  a n d  h a v i n g  t o  d e a l  
w i t h  a new n a n o h e n r y  i n d u c t o r .  The f i l t e r  c i r c u i t  d e s i g n  g i v e n  
b y  E S Y N  g a v e  t h e  s t a r t i n g  component  v a l u e s ,  b u t  t h e  a c t u a l  
v a l u e s  t h a t  g a v e  c l o s e  t o  s a t i s f a c t o r y  p e r f o r m a n c e  was f o u n d  b y  
t r i a l  a n d  e r r o r  a n d  t h e y  w e r e :  
L 1  = 1.50 - 1 . 5 9 w  
C 1  .5 - 2.5 PF 
L p  = 5 NH 
C 2  = 1100 PF 
C a s c a d e d  A m p l i f i e r :  T h i s  i s  a h i g h  g a i n  ( 54  dB)  l o w  n o i s e  
(NFc2.7 d B )  A V A N T E K  UTC5-213 a m p l i f i e r .  The a m p l i f i e r  
was t e s t e d  u s i n g  H P  Sweep G e n e r a t o r  a n d  S c a l e r  N e t w o r k  
A n a l y s e r  a n d  was f o u n d  t o  y i e l d  a g a i n  o f  5 6  dB w i t h  l e s s  
t h a n  0.5 dB g a i n  f l a t n e s s  i n  t h e  50 - 90 MHz r a n g e .  
Peak D e t e c t o r :  A UTD-1000 l e v e l  d e t e c t o r  was s e l e c t e d  a s  i t  
h a d  an i n p u t  i m p e d a n c e  o f  50 ohms. T h e  d e t e c t o r  c o n s i s t s  
o f  a n  a c t i v e  h i g h  t o  l o w  i m p e d a n c e  c o n v e r t e r  t h a t  d r i v e s  a 
S c h o t t k y - b a r r i e r  d e t e c t o r  d i o d e .  M a t c h e d  b a c k - t o - b a c k  
s i l i c o n  d i o d e s  w h i c h  a r e  c l o s e l y  t h e r m a l l y - c o u p l e d  t o  t h e  
d e t e c t o r  p r o v i d e  a dc t r a c k i n g  r e f e r e n c e .  The o u t p u t  o f  
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t h e  d e t e c t o r  i s  a dc v o l t a g e  t h a t  v a r i e s  i n  t h e  - 5 m v  
t o  - 6 5 0  m v  r a n g e  a s  t h e  i n p u t  s i g n a l  p o w e r  v a r i e s  f r o m  
- 30 t o  + 1 0  dBm. An i n v e r t e r  a m p l i f i e r  w i t h  a v o l t a g e  
g a i n  o f  1 5  i s  b u i l t  u s i n g  a n  O P A M P  3554, w h i c h  c h a n g e s  
t h e  o u t p u t  o f  t h e  peak  d e t e c t o r  t o  t h e  r a n g e  .1 - 1 O V .  
The O P A M P  h a s  a h i g h  s l e w  r a t e ,  a h i g h  g a i n - b a n d w i d t h  
p r o d u c t  a n d  f a s t  s e t t l i n g  t i m e .  T h e  o u t p u t  o f  t h e  i n -  
v e r t e r  i s  f e d  t o  a v e r y  h i g h  s p e e d  8 b i t  r e s o l u t i o n  A / D  
c o n v e r t e r  t h a t  h a s  c o n v e r s i o n  t i m e  l e s s  t h a n  o n e  m i c r o -  
s e c o n d .  T h e  8 b i t  d i g i t a l  s i g n a l  w i l l  b e  a p p l i e d  t o  a 
s i g n a l  p r o c e s s o r .  T h e  s i g n a l  p r o c e s s o r  w i l l  b e  p rogrammed 
t o  c o m p a r e  t h e  d i g i t a l  s i g n a l s  f r o m  d i f f e r e n t  a n t e n n a s  
a n d  i s s u e  a c o n t r o l  s i g n a l  t o  t h e  m i c r o w a v e  s w i t c h  on t h e  
t o p  o f  F i g u r e  1 t h a t  w i l l  s w i t c h  i t  t o  t h e  a n t e n n a  w i t h  
t h e  h i g h e s t  s i g n a l  s t r e n g t h .  M r .  J o h n  Ngo was a s s i g n e d  t h e  
r e s p o n s i b i l i t y  t o  l o o k  i n t o  t h e  p r o b l e m  o f  p r o g r a m m i n g  
t h e  s i g n a l  p r o c e s s o r  t o  g e t  t h e  a b o v e  m e n t i o n e d  t a s k  
a c c o m p l i s h e d .  
D i r e c t i o n a l  C o u p l e r :  F o u r  d i r e c t i o n a l  c o u p l e r s  a r e  shown i n  
F i g u r e  1 p l a c e d  b e t w e e n  a n t e n n a s  a n d  m i c r o w a v e  s w i t c h e s .  
T h e  ones  p u r c h a s e d  w e r e  10 dB c o u p l e r s  made b y  A R R A ,  
M o d e l  #9164-10.  They  h a d  l o w  i n s e r t i o n  l o s s  (<.6 d B )  
a n d  h i g h  d i r e c t i v i t y  ( > 2 5  dB) .  They  w e r e  t e s t e d  on t h e  
S c a l a r  N e t w o r k  A n a l y z e r .  
M i c r o w a v e  S w i t c h e s :  Two m i c r o w a v e  s i n g l e - p o l e  m u l t i - t h r o w  
d i o d e  s w i t c h e s  t h a t  h a v e  l o w  i n s e r t i o n  l o s s  a n d  h i g h  
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i s o l a t i o n  b e t w e e n  t h e  o u t p u t  p o r t s  w e r e  o r d e r e d .  T h e y  a r e  
made by H a r o l d  T e k  a n d  t h e  m o d e l  # i s  S20182-32. T h e i r  
d e l i v e r y  i s  b e i n g  a w a i t e d  p r e s e n t l y .  
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C o n c l u s i o n s  
The a u t o m a t i c  a n t e n n a  s w i t c h i n g  d e s i g n  f o r  E V A  communi -  
c a t i o n  l i n k  w i t h  Base S t a t i o n  a s  p r o p o s e d  b y  R C A  was s t u d i e d .  
T h e  h a r d w a r e  n e e d e d  f o r  a n t e n n a  s i g n a l  m o n i t o r i n g  was s e l e c t e d  
a n d  o r d e r e d .  A s  t h e y  a r r i v e d ,  t h e y  w e r e  t e s t e d .  The b a n d p a s s  
f i l t e r  a t  I F  was d e s i g n e d ,  f a b r i c a t e d ,  a n d  t e s t e d .  The peak  
d e t e c t o r  a n d  t h e  i n v e r t i n g  a m p l i f i e r  t h a t  f o l l o w e d  i t  w e r e  
b r e a d b o a r d e d  a n d  t e s t e d .  Due t o  t h e  d e l a y  i n  t h e  p r o c u r e m e n t  o f  
t h e  c o m p o n e n t s  needed,  t h e  a s s e m b l y  o f  s i g n a l  l e v e l  d e t e c t o r  
c o u l d  n o t  b e  c o m p l e t e d .  A r e q u e s t  was made t h a t  someone a t  
N A S A / J S C  b e  a s s i g n e d  t o  c o m p l e t e  t h e  p r o j e c t ,  t e s t  t h e  s w i t c h i n g  
s y s t e m  d e s i g n  a n d  s t u d y  t h e  e f f e c t  o f  s w i t c h i n g  on t h e  
t r a n s m i t t e d  d a t a .  
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A c k n o w l e d g e m e n t s  
I t i s  my p l e a s u r e  t o  t h a n k  my N A S A  c o l l e a g u e s ,  
D r .  G. D. A r n d t  a n d  M r .  J o h n  N g o  o f  t h e  E l e c t r o m a g n e t i c  
S y s t e m s  B r a n c h  a t  N A S A / J S C  f o r  t h e i r  c o n t i n u e d  h e l p  a n d  
s u p p o r t  d u r i n g  my summer s t a y .  I w o u l d  a l s o  l i k e  t o  e x p r e s s  
my t h a n k s  t o  M r .  R o l a n d  Shaw a n d  J e f f  K o v i t z  f o r  t h e i r  h e l p  
d u r i n g  f a b r i c a t i o n  a n d  t e s t i n g  o f  t h e  b a n d p a s s  f i l t e r .  My 
s i n c e r e  t h a n k s  t o  M a r g i e  R o b e r t s o n  f o r  t y p i n g  t h i s  r e p o r t .  
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